1,3-Dioleoyl-2-palmitoylglycerol (OPO) is a kind of structured triglyceride which could instead human milk fat (HMF) for the fat of infant formula, this kind of structured triglyceride is good at absorbing easily. The aim of this paper was to produce OPO though three different processing technologies. The raw material for the first method (Method 1) and second method (Method 2) was palm oil, and their catalyst is Novozym 435 and Lipozyme TL IM. The difference was the Method 1, which obtained tripalmitin (PPP) by acidolysis palm oil and palmitic acid (PA), then obtained OPO by acidolysis PPP and oleic acid (OA), Method 2 was acidolysis palm oil and mixed fatty acids directly without crystallization. The third method (Method 3) produced palm stearin (PS) enriched in PA by catalyzing palm stearin with sodium methoxide firstly, and then palm stearin enriched in PA and mixed vegetable oils catalyzed by Lipozyme TL IM. The content of OPO and sn-2 position PA of three methods was higher than 40.34% and 39.34%. The relative content of PA located at the sn-2 position and OA located at the sn-1, 3 position was higher than 59.97% and 66.01%. Among the three methods, the methods related to enzyme appeared safer, and Method 3 was easier for manufacturing OPO and saved time, so it should be more suitable for industrial production.
Introduction
Human milk is the ideal source of nutrients for newborn infants, which could supply energy and essential nutrients to infants. [1] Furthermore, human milk fat (HMF) represents the primary source of energy for the breastfed baby and it provides 50-60% dietary energy of the infants' required dietary. [2] Structured triglycerides not only provide main energy for infants but also benefit to digestion and absorption. Therefore, we have to add structured triglycerides in infant formula as energy supplement.
It is about 3-5% HMF in human milk and more than 98% HMF in it is triacylglycerols (TAGs). [3, 4] The major saturated fatty acid in human milk fat is PA, which accounts about 20-25% of the total fatty acids, [5] and approximately 70% of PA is located at the sn-2 position of TAGs. Other fatty acids such as OA and linoleic acid, which are unsaturated fatty acids, are mainly located at the sn-1, 3 positions. [6] Therefore, a great number of TAGs in HMF are the form of ABA (A is unsaturated fatty acid and B is saturated fatty acid). The distribution of unique fatty acids in these TAGs has a great influence on the improvement of infants' growth. produced by transesterification with palm stearin and mixed vegetable oils. The reaction factors (substrate ratio, amount of lipase, temperature and time) were optimized to produce more OPO.
Materials and methods

Materials
Lipozyme TL IM and Novozym 435 were purchased from Beijing Clisent Technology Co., Ltd. (Beijing, China). The standard of 1,3-dioleoyl-2-palmitoyl-glycerol (OPO) was purchased from Sigma-Aldrich (Shanghai, China). Sodium methoxide was obtained from Guangzhou Sunuo Chemical Co., Ltd. (Guangzhou, China). Palm oil with melting point of 33°C was supplied from Guangzhou UBT Feed Technology Co., Lid. (Guangzhou, China). Coconut oil, rapeseed oil, corn oil, and high oleic sunflower oil were purchased from Heilongjiang Biyoute Supermarket (Harbin, China). The standards of fatty acid methyl ester (FAME) were purchased from Sigma-Aldrich (Shanghai, China). Acetone and acetonitrile are chromatographic grade; other solvents and chemicals are analytical reagent purity. All solvents and reagents used in experiment were obtained from normal suppliers.
Preparation of free fatty acids from palm oil
Preparation of mixed fatty acids, PA and OA is shown in Figure 1 , it also exhibits three methods for preparing OPO-rich TAGs. palm oil (25 g) were saponified for 1 h at 60°C thermostat water bath by using a mixture of KOH (5.75 g), distilled water (11 mL) , and 95% aqueous ethanol (66 mL). Distilled water (50 mL) was added to the saponified mixture and hexane (2 × 100 mL) was then added for extracting unsaponifiable matter. The hexane layer was discarded after shaking the mixture. The aqueous layer containing the saponification matter was acidified to a pH of 1.0 with 6 mol/L HCl. Hexane (50 mL) was then added to the mixture for extracting free mixed fatty acids. The hexane phase was taken and the mixed fatty acids (consist PA and OA) was recovered by removing the solvent at 40°C rotary evaporation. [25] Concentration of PA and OA from mixed fatty acids A typical mixture consisted of mixed fatty acids and acetone (1:40, w/v) were dissolved in Erlenmeyer flask at 40°C thermostat water bath. The mixture was cooled to room temperature, and then stored in the refrigerator at −24°C for 24 h. The PA was filtered with a Buchner funnel under suction (15-20 μm), [26] and the liquid fraction was evaporated at 45°C rotary evaporation for recovering the OA. Then, the PA and OA were stored at −20°C.
Synthesis of OPO with PA and OA (Method 1)
The interesterification mixture consisted of palm oil and PA at molar ratio 1:3, 8% (w/w) Novozym 435 was then added to the reaction mixture, then the reaction mixture was oscillated in an air bath shaker with 200 rpm at 50°C for 24 h. The reaction was stopped by filtration of the lipase with mesh sieve (100 mesh). [27] PPP was stored at −20°C. Novozym 435 was washed with acetone to remove surface excess lipids. The lipase was then dried and placed at 4°C. Acetone was recovered by rotary evaporation at 45°C.
The PPP was mixed with OA (1:2, 1:4, 1:6, 1:8 and 1:10 molar ratio) in an Erlenmeyer flask with a silicone plug, and then added Lipozyme TL IM (4-12%, w/w) to the reaction, then the reaction mixture was placed in an air bath shaker at 30-70°C with 200 rpm for 2-12 h. [28] The collection of triglycerides and the recovery of lipase and acetone were the same as the steps of synthesizing PPP.
Synthesis of OPO with mixed fatty acids directly (Method 2)
PPP was obtained by acidolysis of palm oil and mixed fatty acids at molar ratio 1:3, the reaction was started by adding Novozym 435 (8%, w/w), and the reaction mixture was incubated in an air bath shaker with 200 rpm at 50°C for 24 h. OPO was then synthesized by acidolysis of PPP and mixed fatty acids with Lipozyme TL IM, and the reaction was performed as follows: a mixture of PPP/ mixed fatty acids (1:2, 1:4, 1:6, 1:8 and 1:10 molar ratio) and Lipozyme TL IM (4-12%, w/w) was placed in an Erlenmeyer flask with a silicone plug in an air bath with 200 rpm at 30-70°C for 2-12 h. After the reaction reached equilibrium, the reaction was stopped by filtration of lipase. PPP and OPO were stored at −20°C. The lipase was washed with acetone and dried under vacuum, then it was stored at −4°C. Acetone was recovered by rotary evaporation at 45°C.
Synthesis of OPO by sodium methoxide and palm stearin (Method 3)
Palm stearin enriched in PA at the sn-2 position was prepared as follows: palm stearin was put into a round-bottomed flask, heated to 100°C with rotary evaporation under vacuum (0.1 MPa) for removing moisture, and then the sodium methoxide (0.1-0.5%, w/w) was added to round-bottomed flask, heated to 80-110°C and kept 10-60 min. After reaction complete, the 12% citric acid solution was added to the reaction mixture for removing sodium methoxide, oil layer was separated, and then, the citric acid solution was added twice to removing residual sodium methoxide. [29] Palm stearin enriched in PA at the sn-2 position was stored at −20°C.
Palm stearin enriched in PA at the sn-2 position was mixed with mixed vegetable oils (coconut oil: rapeseed oil: corn oil: high oleic sunflower oil = 1:1:1:2) at different molar ratios with 1:2, 1:3, 1:4, 1:5 and 1:6 in Erlenmeyer flask, and then the Lipozyme TL IM (4-12%, w/w) was added to reaction mixture, the reaction was performed in an air bath shaker at 200 rpm, and the temperature was set at 55-70°C for 2-12 h. The collection of triglycerides and the recovery of lipase and acetone were the same as the steps of Method 2.
Purification of the OPO
KOH ethanol solution (0.5 mol/L) was prepared by mixing ethanol and water (3:7, v/v). The OPO stored in −20°C was melted in a water bath at 60°C, and approximately 1.5 times the number of equivalents of KOH ethanol solution was then added to neutralizing the free fatty acids (volume of KOH ethanol solution = 30 × V × concentration of free fatty acids/256, this equivalent number was calculated considering PA (the major fatty acid) as representative of all fatty acids), stirred in a water bath with magnetic agitation at 60°C for 10 min, [30] then allow to stand for 5 min to separate into two layers. The upper layer of light-yellow organic phase is OPO.
Determination of content of OPO product
A C18 chromatography column (250 × 4.6, 25 μm, Elite, Dalian, China) was used for highperformance liquid chromatography (HPLC) with acetone and acetonitrile (80:20, v/v) as mobile phase at a flow rate of 1 mL/min. The HPLC system consisted of a separations module (2695, Waters Corp., Milford, USA) and an evaporative light scattering (ELS) detector (2420, Waters Corp., Milford, USA). The operation temperature of chromatography column was 30°C. The OPO (1 mg) was diluted with hexane (10 mL) and the injection volume was 10 μL for each analysis.
Analysis of fatty acids composition and SN-2 fatty acids
Process for the preparation of 2-MAGs was as follows: 0.1 g OPO in a centrifuge tube was mixed with 2 mL Tris-HCl buffer (pH 7.6), 0.2 mL CaCl 2 (220 g/L), 0.2 mL sodium cholate solution (1 g/L) and 20 mg pancreatic lipase, and the centrifuge tube was incubated in a water bath at 40°C for 2 min under shaking condition, [31] vortexed for 1 min and then 1 mL HCl solution (6 mol/L) and 1 ml diethyl ether were added and centrifuged at 6000 rpm for 10 min. The upper diethyl ether layer was transferred to a test tube and was evaporated to 200 µL under nitrogen gas. The 200 µL solution was then spotted on a silica gel G 254 thinlayer chromatography (TLC) plate with a developing solvent which was hexane/diethyl ether/formic acid (70:30:1; v/v/v). The bands were sprayed with 2,7-dichlorofluorescein (0.2%, w/v) and visualized under 254 nm ultraviolet (UV) light, [32] and the band corresponding to 2-monoacylglycerols (2-MAGs) was scraped off and as described below for methylation.
Preparation of fatty acids methyl esters (FAMEs) was as follows: the OPO (0.1 g) was hydrolyzed with 8 mL of NaOH-methanol solution (2%, w/v) at 80°C for 20 min in a round-bottomed flask with a condenser. After hydrolyzed, the mixture was esterified with 7 mL of H 2 SO 4 -methanol solution (0.5 mol/L) and then heated in a water bath for 15 min. [33] Hexane (10 mL) was then added to the mixture and heated for 1 min. The mixture was cooled to room temperature rapidly and then shook for 2 min. Saturated NaCl solution was added to the mixture, allow to stand for separating into two layers. The upper layer was transferred to a test tube and anhydrous sodium sulfate (5 g) was added to the test tube. The upper solution (2 mL) was transferred to a vial for GC analysis.
Sample analysis was performed by gas chromatography (Agilent 7890A, Agilent Inc., DE, USA) equipped with a capillary column sp-2560 (100 m × 0.25 mm × 0.20 μm, Supelco Inc., Bellefonte, USA), FID (flame ionization detector) and autosampler injector with a split ratio of 100:1. 1 μL sample was injected into the system. The temperature of the injector and detector were 250°C and 260°C. The column oven was initially held at 140°C for 5 min and was then increased to 240°C in 10 min at a rate of 4°C/min and followed by increasing to 260°C at the rate of 4°C/min, maintained at 260°C for 5 min. [22] Nitrogen was used as the carrier gas at a pressure of 0.5 MPa and the flow was 1.1 mL/min.
Statistical analyses
The figures were drawn with Origin 2018. All values are expressed as the average of three experiments and are analyzed by one-way analysis of variance (ANOVA) and Tukey's-b using SPSS 22.0 software. P values lower than 0.05 were considered as significant difference.
Results
Separation and purification of palmitic and oleic acids from palm oil
These compositions of fatty acids before and after separation and purification from palm oil are displayed in Table 1 . The results illustrated that the value of PA and OA in palm oil were 30.25% and 44.2% before separation, respectively. After separation, the content of PA and OA in fatty acid mixtures was 29.8% and 43%, respectively. Therefore, it showed that almost all of the fatty acids in palm oil were extracted. The results of crystallization of fatty acid mixtures are also shown in Table 1 . There were two different components after crystallization, a solid fraction of mainly was saturated fatty acid which was mainly comprised of PA, accounted for 70.8%; another fraction was a liquid fraction which was mainly comprised of unsaturated fatty acid, contained about 72.33% oleic acid. Stearic acid accounted for 21.4% which was found in the solid fraction, linoleic acid accounted for 10.61% which was found in the liquid fraction.
Although stearic acid accounted for 21.4% in solid fraction, the enrichment of PA by removing stearic acid with crystallization is difficult, because it is similar with PA in structure, polarity, and solubility. Although the content of oleic acid can be enhanced by crystallization in acetonitrile. [26] However, the time consumed and the amount of solvent used in this step are not suitable for industrial production, and the fatty acid content in the liquid portion is not low after the fatty acid separation.
Synthesis of OPO with PA and OA
In this subsection, we tested the content of PA at the sn-2 position in PPP, and our experiment also paid more attention to the influence of reaction time, temperature, molar ratio and amount of lipase on the content of OPO. Under the optimal conditions, the content of sn-2 PA in PPP was 68.46%. Figure 2A shows the relationship between OPO content and reaction time. When the reaction time is in the range from 2 h to 12 h, it was detected every 2 h, the contents of OPO were 33.86%, 39.92%, 45.06%, 44.51%, 42.76%, and 41.48%, respectively. It showed the more content of OPO was obtained (45.06%) after 6 h of reaction. Figure 2B shows the relationship between OPO content and the reaction temperature. The contents of OPO were 35.06%, 38.41%, 43.96%, 46.82% and 37.01% at temperatures of 30°C, 40°C, 50°C, 60°C and 70°C, respectively. It indicated the optimal temperature was 60°C. Figure 2C shows the relationship between OPO content and molar ratio. The content of OPO was 48.49% at a molar ratio of 1:4, higher than at molar ratios of 1:2 1:6, 1:8, and 1:10 with the values of 39.67%, 44.68%, 42%, and 41.84%, respectively. Figure 2D shows when the amount of lipase 
Synthesis of OPO with mixed fatty acids directly
In this subsection, we studied the synthesis of OPO with mixed fatty acids directly without crystallization, and it saved 24 h, all the same indicators as in the previous subsection should be researched. Then, we got 56.39% PA at the sn-2 position in PPP. Figure 3A shows when the reaction time is in the range from 2 h to 12 h, it was also detected every 2 h, the content of OPO was 23.54%, 25.08%, 32.05%, 31.84%, 30.42%, and 28.96%, respectively. The maximum content of OPO was 32.05% at 6 h. Figure 3B shows when temperatures were 30°C, 40°C, 50°C, 60°C and 70°C, the content of OPO was 21.24%, 25.24%, 29.56%, 31.48%, and 23.8%, respectively. It showed when the temperature was 60°C, the OPO content was maximum. Figure 3C shows the relationship between OPO content and molar ratio. The content of OPO was 26.45%, 32.18%, 30.21%, 28.45% and 27.33% at the molar ratios of 1:2, 1:4, 1:6, 1:8 and 1:10, respectively. It indicated the optimal molar ratio was 1:4. Figure 3D shows the relationship between OPO content and amount of lipase. The contents of OPO were 23.11%, 26.54%, 30.67%, 27.43% and 25.84% when the amounts of lipase were 4%, 6%, 8%, 10% and 12% (w/w), respectively. Therefore, it was the best choice with the addition of 8% (w/w) of lipase. Table 2 shows the compositions of fatty acids in the palm stearin. However, it had a similar structure with most plant oil that mostly saturated fatty acid was located at the sn-1,3 position of triglyceride and only small content was at the sn-2 position. Then, the transesterification was catalyzed by sodium methoxide to increase the content of PA at the sn-2 position. In this subsection, the main experiments included enriching PA at the sn-2 position and obtaining more OPO with palm stearin, the effects of different reaction time, reaction temperatures and amount of catalysis were discussed carefully. And we also discussed the influence of molar ratio on OPO. Figure 4A shows the content of PA at the sn-2 position in palm stearin of enriching PA at sn-2 position would vary with the reaction time, when the time was 10 min, 20 min,30 min,40 min,50 min, and 60 min, the PA content was 34.52%, 36.27%, 44.92%, 53.26%, 56.27% and 52.33%, respectively. Figure 4B shows the influence of the reaction temperature on the content of PA at the sn-2 position in palm stearin. When the temperature increased from 80°C to 110°C every 10°C, the PA content was 35.41%, 39.57%, 50.82%, and 45.37%, respectively. Figure 4C shows the change of PA content at the sn-2 position with the amount of sodium methoxide (0.1% to 0.5%, w/w), it was Therefore, based on the above studies, the optimal conditions for sodium methoxide to catalyze the palm stearin were as followed: temperature, 100°C; time, 50 min; added an amount of sodium methoxide being 0.3% (w/w). Under the optimal conditions, the content of PA at the sn-2 position in palm stearin was 57.37%. Figure 5A shows the reaction time ranging from 2 h to 12 h every 2 h, the content of OPO was 24.11%, 38.84%, 54.27%, 50.31%, 48.92%, and 45.65%, respectively. The highest of which has been noted at the reaction time of 6 h. Figure 5B shows the variation of OPO content with the temperature at 55°C, 60°C, 65°C and 70°C, the contents of OPO were 52.69%, 56.82%, 47.56%, and 41.48%, respectively. The maximum content of PA was 56.82% at 60°C. Figure 5C shows the content of OPO is 37.2%, 44.98%, 58.64%, 54% and 45.74% at the molar ratio of 1:2, 1:3, 1:4, 1:5 and 1:6 when the acyl donor is mixed vegetable oils, respectively. It indicated the optimal molar ratio is 1:4. Figure 5D shows when the acyl donor was mixed vegetable oils, the contents of OPO were 35.34%, 43.1%, 53.8%, 52.48% and 51.88% at 4%, 6%, 8%, 10% and 12% (w/w) of lipase dosages, respectively. So, adding an amount of 8% (w/w) lipase is the best choice.
Synthesis of OPO by sodium methoxide and palm stearin
Optimal conditions for synthesis of OPO by three methods
The optimal conditions for three methods to obtain OPO were as followed, respectively: 1) Lipozyme TL IM, 8% (w/w); substrate molar ratio, 1:4; reaction time, 6 h; and reaction temperature, 60°C for acidolysis of PPP and OA. 2) Lipozyme TL IM, 8% (w/w); substrate molar ratio, 1:4; reaction time, 6 h; and reaction temperature, 60°C for acidolysis of PPP and fatty acids. 3) Lipozyme TL IM, 8% (w/w); substrate molar ratio, 1:4; reaction time, 6 h; and reaction temperature, 60°C for acidolysis of palm stearin and mixed vegetable oils. Then, the OPO was synthesized under optimal conditions and purified using KOH ethanol solution. The OPO content of the three methods in the final product after purification was 71.22%, 46.86%, and 79.50% (P< .05), respectively (Table 3) . Table 4 shows the yield of OPO after purified, the yields of OPO for three methods were 68.12%, 64.70%, 73.79%, respectively. Table 5 shows the compositions and distribution of fatty acids in OPO after purified, the contents of PA in the three methods were 34.30%, 30.20%, and 22.42%, respectively. The contents of PA at the sn-2 position of three methods were 65.30%, 54.33% and 52.31% (P < .05), respectively. There are significant differences between them ( Table 6 ). The contents of PA at the sn-2 position accounts for total PA content were 63.46%, 59.97%, and 77.77%. The OA contents of three methods were 49.14%, 53.93%, and 57.55%, respectively. The contents of OA at the sn-1,3 positions accounted for total OA content were 66.01%, 68.22% and 73.65%, respectively.
Discussion
Palm oil and palm stearin were used as raw material in this study, owing to the source of vegetable oils is widely and the price is cheap. Palm oil does not contain cholesterol. The digestion and absorption rate of body to palm oil is over 97%. As shown in Tables 1 and 2, the contents of PA in palm oil and palm stearin were 30.25% and 58.56%, respectively. The PA content of palm stearin was approximately twice as much as palm oil, the high PA content in the raw material provides a guarantee for the PA content at the sn-2 position in the OPO, it was a distinct advantage of palm stearin. Moreover, palm stearin is cheaper than palm oil, the price of palm oil is 7500 RMB per ton and the price of palm stearin is 5500 RMB per ton. As shown in Tables 1 and 2, the contents of OA in palm oil and palm stearin were 44.20% and 28.67%, respectively. They instead of acyl donor provided OA for OPO. Therefore, palm oil and palm stearin not only contained a lot of PA and OA, but also were good for human health, and it was suitable for the raw materials of synthesis OPO, and from the above two points, palm stearin was better than palm oil. The influence of reaction time, temperature, and amount of sodium methoxide on the intermediate (palm stearin enriched with PA at the sn-2 position) were discussed in order to obtain more PA at the sn-2 position. Figure 3A shows the content of PA at the sn-2 position increased with reaction time prolonged, when it reached 50 min, the transesterification reached an equilibrium state, and the content of PA did not raise as time increased. Moreover, the content of PA descended slightly with the time prolonged. There were two reasons for explaining the answer, the first one was an acyl transfer phenomenon during the reaction, which resulted in the PA content at the sn-2 position decrease, [34] the second reason may be the sodium methoxide activity decline and saponification reaction happened due to long reaction time. [29] Except reaction time, the temperature also led to PA content decrease, as shown in Figure 3B , firstly, the content of PA growing quickly with the temperature increased from 80°C to 100°C, the reaction reaches equilibrium at 100°C and then the content of PA did not change much when the reaction temperature continued to rise. The color of the palm stearin gradually deepened with the reaction temperature rose over 100°C, darkening of color is one of indicators of the palm stearin quality decline, so when the temperature of more than 100°C was not beneficial to palm stearin. As shown in Figure 3C , when the catalyst amount changed from 0.1% to 0.3% (w/w) the content of PA of sn-2 position increased rapidly and subsequently reached equilibrium. As the amount of catalysis continues to increase, the content of PA did not substantially increase. This was because when sodium methoxide was added in a large amount, it will react with oil to produce a large amount of soap, which affected the final yield of the reaction. At the same time, the formed soap greatly increases the viscosity of the system and forms a gel, hinder the further progress of the reaction. Moreover, while the amount of the sodium methoxide was too high, there may be Claisen condensation occurs. [35] Then, the PA content at the sn-2 position in intermediates (PPP and palm stearin enriched with PA at the sn-2 position) of three methods was discussed. The sn-2 PA contents of PPP and PA-rich palm stearin were 68.46%, 56.39% and 57.37% ( Table 7 , P< .05), respectively. Although the content of PA at the sn-2 position in PPP which synthesis by palm oil and PA was higher than other methods; however, it needed much time for processing, so it's not suitable to commercial production. Compared to most chemical catalysts, lipase-catalyzed had a higher reaction rate, mild reaction conditions and select specificity, produces no by-product during the reaction. However, the sodium methoxide as one of the chemical catalysts, its advantages were obvious. Owing to the high activity, cheap and short reaction time, sodium methoxide is one of the extensively used as a catalyst. Moreover, in China, it was allowed to use as a catalyst in food processing. [36] The PPP synthesized by Novozym 435 needed 24 h, the contents of The fatty acid located at sn-2 position accounts for total fatty acid was calculated as sn-2 × 100%/(3 × total). e The fatty acid located at sn-1, 3 positions accounts for total fatty acid was calculated as (3 × total -sn-2)/2. PA at the sn-2 position were 68.46% in Method 1. The palm stearin of enrich PA at the sn-2 position synthesized by sodium methoxide only needed 50 min and the sn-2 PA content was 57.37%. Novozym 435 spent 28 folds more time than sodium methoxide, the PA content only increased by 11.09%. So, in terms of the cost of time and production, sodium methoxide is more suitable for industrial production. Moreover, sodium methoxide is unstable; thus, it is very easily removed from product.
The reaction time, temperature, substrate molar ratio, and enzyme dosage in the three methods were discussed in order to obtain more OPO. As shown in Figures 1A, 2A , and 4A, with the increase of time, OPO content showed a trend of increasing before 6 h to three producing methods, it may be due to the fact that the transesterification between the substrates occurs continuously during the reaction. And there was another trend of decreasing after 6 h to all methods, and the probable reason was as below, the PA which was displaced rejoined to the transesterification reaction as an acyl donor. Xu et al. [34] found that acyl migration increases with reaction time rises. Lee et al. [37] also observed that time had the great important influence on acyl migration which is the reason for explaining the OPO content decreases with reaction time. As shown in Figures 1B, 2B and 4B, when temperature increased from 30°C to 60°C of Method 1 and Method 2 and temperature rose from 55°C to 60°C of method 3, the content of OPO was increase, the reason for this phenomenon was high temperature which could reduce the viscosity of the reaction mixture and expand the effectual crash of substances, both of them enhanced the reaction speed, [38] increased the yield of the product rapidly. However, when the temperature exceeded 60°C, the content of OPO was decreased. High temperature can also raise the speed of acyl migration, which led to the content of product decreased. Moreover, high temperature destroyed the structure of enzyme, caused it to irreversible inactivation. As shown in Figure 1C , 2C and 4C, the content of OPO was the highest at molar ratio 1:4 in three methods. The transesterification was completed when triglyceride and OA were at a molar ratio 1:2 in theoretically, while it was a reversible reaction which catalyzed by lipase, [39] therefore when increased the ratio of acyl donor, the reaction equilibrium can be shifted to the right, which was advantage to speed up the reaction, and enhanced the content of OPO. However, owing to the existence of acyl migration, the sn-2 fatty acid (PA) could migrate to sn-1 or sn-3 position of triglyceride with the increase of molar ratio and reaction time, which led to decrease in the PA content at the sn-2 position and content of OPO. As shown in Figure 1D , 2D and 4D, the enzyme dosage was an important factor for the reaction rate which was influenced by enzyme activity site in the reaction system, too low enzyme dosage, it had little activity site which would decrease substrates' reaction rate. High enzyme dosage could reduce the reaction time, which could decrease acyl migration rate, especially, diacylglycerols produced by lipase-catalyzed could also accelerate acyl migration, [40] so it was vital for choosing the optimal enzyme dosage. Above all, it showed that we have to optimize temperature, reaction time, substrate molar ratio and enzyme dosage for making more OPO.
As shown in Table 5 , the total PA content and PA content at the sn-2 position of Method 1 were all the highest. The contents of total PA and sn-2 PA in OPO synthesized by Method 1 were higher The value of each column in the table with the different asterisk"*,**,***" show significant difference(P<0.05). than products processed by Kotani et al. [41] and Nagachinta and Akoh. [42] The PA located at the sn-2 position accounts for total PA of Method 1 was 63.46%. However, the value was not higher than Method 3. Moreover, the relative content of OA in the sn-1, 3 position was also the highest in Method 3. Combined with the digestive pattern of triglycerides in the intestine, it gave us a vital information about PA which located at the sn-2 position would appear a good performance at effective utilization, we also could infer that OPO synthesized by Method 3 is the best digested and absorbed in the intestine. After purification, the lowest OPO content in three methods was Method 2, which was 46.84%. It was higher than Chinese standard, which requests that the OPO content more than 40%. [43] The OPO content synthesized by the others was more than 70%, which was 71.22% in Method 1 and 79.50% in Method 3. The different OPO content showed, for the two-step synthesis OPO, the content of PA and OA as acyl donor had an essential influence on OPO in the final product. In general, high content of PA and OA as acyl donor increases the OPO content of the final product. [44] However, in the second step, the OA content of the acyl donor of Method 3 was lower than that of Method 1, the OA content was 52.40% and 72.33% in Method 3 and Method 1, respectively. But the OPO content in Method 3 was higher than that in Method 1, there was a richer fatty acid species in acyl donor of Method 3 which contained lauric acid, α-linolenic acid, and arachidonic acid, these three fatty acids were not found in acyl donor of Method 1. Therefore, we supposed that a reasonable proportion of fatty acids in the acyl donor has a positive effect on the OPO content.
Pande et al. [45] reported that the more abundant fatty acids in human milk were PA, OA, and linoleic acid, and these contents were 15.43-24.46%, 28.30-43.83%, and 10.61-25.30%, respectively. The contents of the three fatty acids in the sn-2 position were 52.30%, 13.97%, and 10.95%, respectively. Compared with the content of fatty acids in human milk, the OPO synthesized by Method 3 in this study had a similar content in these three fatty acids, also similar with the content at the sn-2 position, these fatty acids have an important effect on infants' growth. Moreover, because OPO produced by Method 3 had a similar fatty acids composition and distribution to human milk fatty acids, it was more easily absorbed in the small intestine, rather than being converted to insoluble soap calcium excreted with feces.
Conclusion
This work compared three methods of synthesizing OPO and obtained the optimal process. In terms of product quality, the PA content at the sn-2 position and OPO content of the three methods were all higher than specified in national standards of China. Among three methods, the OPO synthesized by palm stearin and mixed vegetable oils had a higher OPO content and relative content of PA at the sn-2 position than other methods. Therefore, the OPO synthesized by palm stearin and mixed vegetable oils is more suitable for digestion and absorption. In addition, acyl donor is important precursor for the synthesis of OPO, the PA and OA content has an important influence on the OPO synthesis, but in our research, it does not consistent with the previous reports, the OA content in liquid fraction of mixed fatty acids after crystallization was higher than mixed vegetable oils, but the OPO content synthesized by PPP and OA was lower than PA-rich palm stearin and mixed vegetable oils. The OA content in the acyl donor and the OPO content in the product are not positive correlation. Therefore, we supposed that a reasonable proportion of fatty acids in the acyl donor has a positive effect on the OPO content. In addition, by comparing the time cost of three methods, the OPO synthesized by palm stearin and mixed vegetable oils saved much time than other methods, so it is more suitable for industrial production. 
